The endotoxins in different species of gram negative bacteria exhibit remarkably similar biologic effects which have been observed in both experimental animals and'man (1-5). These effects may be seen after the injection of living bacteria," killed bacteria, or endotoxin itself; they consist of fever, shock, leukocytosis preceded by leukopenia, hypoglycemia, diarrhea, and prostration.. Although there are sometimes hemorrhages in the intestine and other viscera, the findings postmortem are not enough to explain the cause of death or to indicate where the endotoxin acts.
grams.
These salts were dissolved in 12 liters of distilled water and 700 ml. 1 N NaOH were added, the volume being made up to 15,000 ml. with distilled water. The reaction was adjusted to pH 7.6 by the addition of 1 N NaOH, 9125 ml. distilled water were added, and the medium was put in 4 liter quantities into 6 flasks of 6 liter size and autoclaved at 115°C. for 20 minutes at 15 lbs. pressure. To each flask the following sterile solutions were added: M/6 MgSOj-7H2O 40 ml., 50 per went glucose solution 20 ml., and M/NaHCOs 10 ml. The solutions of MgSO4 and glucose had been sterilized by autoclaving at 115°C.
for 15 minutes at 15 lbs. pressure, and the NaHCO, was sterilized by Seitz filtration.
Care was taken not to add these solutions more than 24 to 48 hr. before the medium was to be used, as storing for longer periods leads to a reduction in the amount of growth (8) .
For inoculating this synthetic medium, a strain of E.
coli was used which had been isolated from a human infection. It was subcultured in 5 per cent rabbit blood broth and on rabbit blood agar to maintain a smooth culture. One or two smooth colonies from the blood agar plate were transferred to 10 ml. of synthetic medium. After 6 to 8 hours' growth at 370 C., the 10 ml. of culture was used to inoculate 400 to 600 ml. of the synthetic medium and this inoculated medium was allowed to incubate overnight at 37°C. Then 50 to 100 ml. portions of the overnight growth were transferred to each of 6 flasks containing 4,000 ml. of synthetic medium. E. coli grew profusely in this medium. After 24 hours' growth at 37°C., the bacterial bodies were chilled in the deep freeze and removed just as ice began to form. The chilling was necessary to arrest growth until they could be separated in a DeLaval cream separator. If they were not chilled, significant loss of toxicity of both the dried bacterial bodies and the endotoxin occurred as measured by the LD,. in mice. By slow addition of the bacterial suspensions to the separator, it was possible to remove the bacteria so effectively that hardly any turbidity remained in the supernatant. The harvested bacteria were removed from the bowl of the separator as a thick moist paste and suspended in enough 95 per cent alcohol to give a final concentration of approximately 70 per cent alcohol. This was followed by two more washings with 95 per cent alcohol, two with acetone, and finally by drying at 370 C. for at least two days. Modified Blake bottles lined with tryptose agar were inoculated with E. coli and incubated at room temperature (270 C.). After 24 hours, the growth was washed off with sterile distilled water. The bacteria were separated from the distilled water in the centrifuge and then washed with 95 per cent ethyl alcohol twice and acetone-ether once. The residue was brought to constant weight by drying at 40°C. in the vacuum oven and storing in a desiccator with calcium chloride. Then 5.3 gm. of dried bacteria were suspended in 100 ml. of distilled water to which were added 4 mc. of NaCr"O, (1.7 mc. ' Radioactivity in all experiments was measured by a gamma sensitive sodium-iodide thallium scintillating welltype crystal.
per mg.). The mixture of bacterial bodies and Cr' was incubated at 370 C. for 48 hours and dialyzed four days against running tap water followed by 24 hours against distilled water to remove free Cr". The volume was concentrated to 50 ml. in vacuo and the suspension chilled to 0°C. The chilled suspension of bacteria was mixed with ice cold 0.25 M trichloroacetic acid, and the endotoxin extracted in the manner described. The yield was 39.5 mg.
To test the stability of the bond between Cr" and endotoxin, the entire volume of tagged endotoxin solution was dialyzed against distilled water at 4°C. for 10 days.
Under these circumstances less than 1 per cent of the radioactivity on the endotoxin appeared in the dialysate water during a period of 24 hours.
C. Adding Na.Cr"04 and Cr"Cl, to the endotozin directly 1) Addition of NaCr"04 and Cr"Cl, to non-tagged endotoxin. E. coli endotoxin was prepared from bacteria grown in the synthetic ammonia medium as described above and suspended in water in a concentration of 5 mg. per ml. Table II (Samples 54) .
2) Addition of NaCr04 to endotoxin already tagged with chromate ions. Endotoxin tagged as described in section B above by addition of NaCr"04 to dead bacterial bodies, was used in this experiment to determine if the tag could be increased by additional exposure. The endotoxin was suspended in water in a concentration of 5 mg. per ml. A total of 10 mg. of tagged endotoxin was incubated for 24 hours at 37°C. with 0.5 mc. of NaCr"O, and dialyzed against distilled water in parallel with an equal amount of the same batch of tagged endotoxin which had been exposed to no additional NaCr"O,. The dialysis was carried out at 40 C. for 10 days. At that time, no loss of radioactivity was detected in the dialysis' bath. The radioactivity of the two samples is given in Table II Not lethal
The loss of toxicity was attributed to inactivation of the endotoxin upon exposure to the low pH (pH = 2) of the solution of CrCl,. Precautions were taken, therefore, to prevent inactivation of endotoxin by the acidity of CrCl,. Accordingly, the endotoxin was suspended in a phosphate chloride buffer (pH =7) before addition of CrCl,. The formula of the buffer was: .3530 g * NaH.PO, + .6390 g Na.HPO, + .172 g NaCI dissolved in 1,000 ml. Furthermore, to avoid possible loss of endotoxin into the bath during dialysis, in amounts which could not be determined easily, it was decided to rid the endotoxin of free chromium by repeated washes with absolute alcohol in which the endotoxin is insoluble. Two lots of endotoxin were suspended in sterile phosphate chloride buffer and incubated in the presence of Cr" for 24 hours at 37°C
. as follows:
This problem was approached in three ways: 1) Labelled endotoxin was dialyzed during storage for as long as one month and the dialysate examined for free Cr" by measuring the radioactivity. In addition, radioactive endotoxin was washed repeatedly in 68 per cent alcohol and the alcoholic wash tested for radioactivity.
2) Suspensions of radioactive labelled endotoxin were subjected to vigorous physical treatment in an effort to rupture the bond. This procedure, consisting of differential ultracentrifugation and alcoholic precipitation, also served as a test for the homogeneity of the material.
If the fractions of endotoxin separated by these procedures were of different composition, and if they possessed different affinities for Cr", it would be expected that the radioactivity per unit of toxicity would vary from fraction to fraction.
3) Serial dilutions of radioactivity were made to learn whether simple dilution of radioactivity was accompanied 852 0. j by proportional changes in toxicity. This procedure was necessary in order to predict whether the dilution occurring after in zivo injection would invalidate radioactivity as a measure of toxin.
The first endotoxin employed was labelled with NaCr9O). A total of 58 mg., giving 6,064 counts per second in the scintillation counter, was suspended in 23.5 ml. of phosphate buffer. Three fractions of the suspension were separated as follows:
Fraction I was the sediment obtained by centrifugation for one hour at 40,000 r.p.m. in the ultracentrifuge.
Fraction II was obtained by treating the clear supernatant from part I with ethyl alcohol to give a final concentration of 68 per cent by weight, and by ultracetrifugation at 20,000 r.pm. for 30 minutes. The precipitate was then resuspended in 20 ml. of the phosphate buffer.
Fraction III was the supernatant from part II. It was dialyzed against phosphate buffer for 72 hours after the alcohol had first been removed by evaporation at 37°C. The volume was brought up to 20 ml. with the necessary quantity of phosphate buffer.
Six serial two fold dilutions of each of the three fractions and of the original untreated parent endotoxins were made in phosphate buffer so that the approximate LD, of each fraction could be determined in terms of radioactivity. The radioactivity of each diluted portion was determined and then 0.5 ml. portions of each of the 6 serial dilutions were inoculated intraperitoneally into each of 5 mice. The mortality rate was recorded during 36 hours for the 30 mice receiving each fraction.
The experiment was then repeated using a second endotoxin. This was divided into two portions: one was labelled with Na.CrmO, and the other with Cr'Cl,. A total of 60 mg. of chromate-labelled endotoxin gave 18,540 counts per second in the scintillation counter and a total of 80 mg. of chromic-labelled endotoxin gave 146,560 counts per second. These samples of endotoxin were then treated in the same way as the first endotoxin. It is clear that much more Crl' is bound by endotoxin in the presence of Cr5lCl than in the presence of Na2Cr510 under conditions in which the relative concentrations of endotoxin and Na2CrO, were the same as those of endotoxin and Crag. Under these circumstances, the number of chromate and chromic ions were also approximately the same because the molecular weights of the two compounds were nearly equal. The results also show that much more chromium was bound when Na2Cr5'O0 was incubated with the endotoxin than with the living or dead bacterial cell. In this connection, it was found that the amount of Cr5l' bound by radioactive endotoxin extracted from dead bacterial cells could be increased by 200 per cent upon subsequent exposure of the extracted endotoxin to Na2Cr5'O0 (Endotoxin 3A, Table  II Each fraction and the parent endotoxin was divided into 6 serial dilutions and then each dilution inoculated into 5 mice for plotting these mortality curves. All 6 points. are not plotted on each curve because only the highest of the dilutions giving 100 per cent mortality is needed. This experiment illustrates not only stability of the tag in the face of vigorous physical manipulation but also a constant ratio between radioactivity and toxicity among the various fractions.
RESULTS

I. Preparation of endotoxin
per cent per day for either chromate-or chromiclabelled endotoxin.
In Figure 1 , the number of deaths is plotted against the number of counts per second in each sample of endotoxin injected. It is to be noted that for a given endotoxin, the amounts of radioactivity corresponding to the LD,0 of each the first two fractions were almost identical to that of the original untreated parent endotoxin. Each of the third fractions, consisting of the supernate after sedimentation of endotoxin, contained only slight radioactivity, or none at all, and no toxicity. In other words, radioactivity maintained a constant relationship to toxicity (LD,0) despite the manipulations to which endotoxin was subjected. It can also be observed that serial dilutions of the endotoxin produced a proportional fall in toxicity and radioactivity. These facts are good evidence that the endotoxin is a homogeneous substance which binds Cr'l tightly and evenly.
DISCUSSION
There can be little doubt, in the case of hexavalent Cr51, that endotoxin is more efficiently-labelled after it has been-separated from the bacterial cell. This conclusion is supported by two observations: 1) Under conditions which employed an excess of chromate ions, much greater radioactivity per milligram of endotoxin resulted when Cr'1 was added directly to endotoxin than when it was added to growing cultures; 2) radioactive endotoxin, extracted from a suspension of dead bacterial bodies which had been mixed with Crel gained an amount of bound chromium equal to an is added before the endotoxin has been removed from the bacterial cell. The high affinity of Cr 5 for extracellular endotoxin clearly demonstrates a stable union between the two which does not depend on intimate bacterial incorporation of chromium into the endotoxin molecule during growth. Instead, it is likely that chromium was not actively utilized by the growing bacterial cell and that in the presence of multiplying bacteria chromium was bound entirely by endotoxin which already existed. If chromium is not assimilated during bacterial growth, than greater efficiency would be expected in labelling endotoxin after it has been extracted from the cell and separated from other bacterial products. The calculations in section I indicate that in the average bacterial cell of E. coli, at least one-fifth of the contents is composed of endotoxin. In a growing culture, which is a mixture of living and dead bacteria, as well as their products of disintegration, the endotoxin thus competes with a large quantity of other bacterial products which undoubtedly also possess an affinity for chromium. These bacterial products may also combine chemically with the endotoxin itself and thus interfere with its union with Cr51. Before conducting tracer experiments with tagged endotoxin, however, certain precautions must be observed. The importance of avoiding detoxification by the low pH of unbuffered CrCl5 has been emphasized. Use of a phosphate chloride buffer is an excellent safeguard against this difficulty. Care must also be taken against the accumulation of free chromium ion in solutions of endotoxin. All solutions of tagged endotoxin stored for long periods should be checked for unbound chromium immediately before use by dialysis or by washing the reprecipitated toxin.
It is probably important, also, to take precautions against the presence of organic materials in the bacterial media which could contaminate the endotoxin. The liquid synthetic medium is therefore preferred because it avoids the incorporation into the endotoxin of various impurities including the galactose present in agar (8).
SUMMARY AND CONCLUSIONS E. coli endotoxin has been prepared in a synthetic medium consisting of inorganic salts and dextrose. Dried bacterial cells obtained after growth in this medium were calculated to contain an approximate average of at least 22 per cent endotoxin.
E. coli endotoxin has been firmly labelled with hexavalent Cr5' by the addition of Na2Cr51O4 to suspensions of each of the following: 1) actively growing cultures of E. coli 2) dead bacterial cells harvested from the culture medium 3) endotoxin after separation from the bacterial cell.
The most efficient means of labelling with Cr5' is by addition to endotoxin after separation from the bacterial cell. This provides a high count per mg. endotoxin with a minimum waste of free chromium. The tag is firm and the LD,0 of radioactive toxin is the same as corresponding samples of non-tagged endotoxin.
E. coli endotoxin has also been labelled with trivalent Cr5' by the use of Cr51Cl. Cr5lCl produced a far heavier tag than Na2Cr510, and did not reduce toxicity of endotoxin when precautions were taken to prevent inactivation by low pH.
A close quantitative relationship has been shown to exist between toxicity and radioactivity so that it would appear justifiable to use radioactivity as a measure of the amount of chromate tagged endotoxin during tracer experiments.
